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The effects of water and dietary influence, and time duration for discernment, of pectoral fin
spine 87Sr/86Sr were evaluated in Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus. Fish were
subjected to 87Sr-enriched water (0.1 mg/L) or diet (0.25 µg/g or 0.5 µg/g) for 1, 2, 3, 6, or 12
weeks. Fish were also held at 15 or 25°C to determine if temperature influenced 87Sr/86Sr.
Results found fin spine 87Sr/86Sr changed in water after 1 week and diet after 12 weeks
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CHAPTER I
INTRODUCTION
The Gulf Sturgeon, Acipenser oxyrinchus desotoi, is a federally threatened subspecies of
the Atlantic Sturgeon, A. o. oxyrinchus (USFWS 1991). Sturgeons, in the subclass Chondrostei,
are ancestral actinopterygian fishes, diverging from other groups of bony fishes from at least the
lower Jurassic era approximately 200 million years ago (Billard and Lecointre 2001). Including
the Atlantic Sturgeon, there are 26 species of Acipenseriformes worldwide (USFWS et al. 2003).
Gulf Sturgeon are a subspecies of Atlantic Sturgeon and are slow-maturing and long-lived
(lifespan of 20-25 years), resulting in long recovery times following population depletion
(Flowers 2020). Populations of Gulf Sturgeon were severely reduced due to commercial fishing
in the 1900’s, with peak harvest of 38,300 kg in 1900, followed by annual harvests averaging
900-1500 kg until 1984 when the fishery was closed (Flowers 2020). At present, this species is
in severe decline due to damming, dredging, habitat degradation, and climate change (Flowers
2020). In 1995, the Gulf Sturgeon Recovery Plan was implemented to prevent further reduction
of populations with a goal of delisting by 2023 (Flowers 2020). The restoration plan for this
species necessitates identification of habitats important to different life history stages, such as for
spawning, early life history growth, holding or resting, and foraging (USFWS et al. 2003).
Information is limited on juvenile life stages of Gulf Sturgeon, particularly in the Pascagoula and
Pearl River systems. Information on natal origins and juvenile habitat use within these river
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systems would be highly beneficial for conservation and recovery of this species and may be
derived from analysis of calcified structures.
Patterns of life history-based movements and habitat use are better known for adult than
early life history stages of Gulf Sturgeon. Adults and subadults spend winter months foraging for
food in estuaries and coastal environments of the Gulf of Mexico (Sulak et al. 2012). Data from
acoustically tagged sturgeon from the Pearl River and Pascagoula River suggest feeding is
shown to be nearshore in saline environments (Bemis and Kynard 1997; Ross et al. 2009). Adult
Gulf Sturgeon migrate upriver into freshwater in the spring and summer seasons (Sulak et al.
2012), but their natal spawning sites are relatively unknown (Allen et al. 2018). Information on
early life history habitat use stems from movements and seasonal habitat use of adult and
subadult Gulf Sturgeon. In the Pascagoula River system, the only known spawning site is the
Bouie River, 250 river kilometers upstream from the mouth of the Pascagoula River (Heise et al.
2005). In addition, adults and subadults are known to congregate in a holding area in the lower
Pascagoula River and Big Black Creek from May to November before returning to the Gulf of
Mexico (Heise et al. 2005). Adults will cease feeding when entering a freshwater system for
spawning and will resume feeding after returning to saline waters in October-November (Sulak
et al. 2012). Female Gulf sturgeon reach sexual maturity at 8-17 years of age, males mature
slightly earlier at 7-12 years of age (USFWS et al. 2003). In the Pearl River system, adults and
subadults have been recorded entering the mouth of the Pearl River starting in April, with
important summer habitat holding areas for adult Gulf Sturgeon found in the Bogue Chitto River
(Rogillio et al. 2005). Studies are needed to determine spawning sites, with the upper Pearl River
and Bogue Chitto River suspected as spawning locations (USFWS et al. 2003).
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Spawning occurs after adults migrate upriver. Females release eggs while male sturgeon
hover over and fertilize the eggs (USFWS et al. 2003). Sturgeon eggs adhere to the bottom
substrate until they hatch, and once hatched, the free embryos will begin to migrate down river as
soon as the yolk-sac is absorbed (Kynard 2003). The timing of these movements is not well
known in the Pascagoula and the Pearl Rivers, and very little is known of movements in other
natal river systems. In the Choctawhatchee River System, a retrospective analysis of movement
indicated juvenile Gulf Sturgeon emigrate to saline environments from approximately 0.3 to 3
years of age (Allen et al. 2018). In the Suwannee River, Gulf Sturgeon tend to have a slow
migration downstream throughout the summer and migrate and congregate within a small
number of deep, spatially confined holding areas (Sulak et al. 2012). However, even in the
Suwannee River where Gulf sturgeon populations are highest, sample sizes documenting
juvenile movement patterns are very limited.
Adult Gulf Sturgeon feed on the bottom (supra-benthic cruisers), consuming primarily
macro-invertebrates, including brachiopods, mollusks, amphipods, polychaete worms, and other
crustaceans (Heise et al. 2005). They feed aggressively in the winter season primarily in marine
or brackish environments in the Gulf of Mexico, but rarely feed in riverine environments during
the spawning and summer seasons (Heise et al. 2005). It is hypothesized that the juveniles feed
by an evolved drift feeding style, where they will hold a steady position facing upstream, moving
back and forth intercepting passing items of food, in both the benthic and middle water columns
(Kynard 2003). Gulf Sturgeon occur in northern Gulf of Mexico drainages from Tampa Bay,
Florida westward to the Mississippi River (Ross et al. 2009). Reproductive populations are
known from seven main river systems (Pearl, Pascagoula, Escambia, Yellow/Blackwater,
Choctawhatchee, Apalachicola, and Suwannee rivers) (USFWS et al. 2003). Distinguishing
3

physical characteristics include large body size (up to 90 kilograms and 1.2-2.4 meters length),
five rows of scutes from the caudal peduncle to head, four barbels, and a heterocercal caudal tail
(USFWS et al. 2003).
In a watershed, water chemistry is influenced by bedrock composition, soil, land use, and
atmospheric inputs (Gunn et al. 2019). Concentrations of trace elements in surface water may
provide unique signatures for a specific watershed or within a watershed (Gunn et al. 2019).
Calcium (Ca) and trace elements such as strontium (Sr), barium (Ba), and manganese (Mn), can
be easily measured in aquatic systems. If trace element and isotope gradients within a watershed
are known, baseline maps can be developed which may be useful for fisheries management.
Maps of trace element and isotopic gradients can be compared with microchemistry of
fish calcified structures, such as fin spines or rays to understand fish movements at different
ages. Fin spine ratios of trace elements and Sr isotopes may be due to differing composition of
geologic and mineral deposits (Gunn et al. 2019). Calcified structures will incorporate trace
elements and Sr isotopes at similar ratios to external water chemistry in as little as 11 days
(Sellheim et al. 2017). This information has the potential to provide resource managers with a
tool to assess natal origins and fish movements relative to life history and environmental
changes.
The use of trace element and 87Sr/86Sr analysis in sturgeon fin rays has been demonstrated
to be a useful tool to determine spatial patterns of habitat use. Understanding spatial patterns of
habitat use in fish is important for fisheries management and guiding restoration of depleted
populations (Rude et al. 2013). Spatial patterns of habitat use, or movement of fishes may be
determined by telemetry, population genetics, stable isotope analysis or microchemistry of
calcified tissues such as otoliths and fin rays. Otoliths are calcium carbonate structures located
4

adjacent to the brain of bony fishes and are useful for microchemistry and age estimations (Rude
et al. 2013). In sturgeons, the leading pectoral fin spine is used instead of the otolith for
microchemistry analyses and ageing because it can be removed non-lethally (Morehouse et al.
2013). This structure is composed of lepidotrichia encased by dermal bone (Findeis 1997),
typified by a collagen matrix with mineralized calcium phosphate (hydroxyapatite,
Ca10(PO4)6(OH)2). Unlike an otolith, fin tissue is supplied by systemic vasculature (Dacke, 1979;
Findeis 1997). In sturgeons, trace element analyses of pectoral fin rays have been used to
determine the timing of seawater entry in Green A. medirostris (Allen et al. 2009), Russian A.
gueldenstaedti (Arai et al. 2002), and White A. transmontanus (Veinott et al. 1999) sturgeons
and predict natal origin within freshwater in Shovelnose Scaphirhynchus platorynchus, Pallid S.
albus and Lake A. fulvescens Sturgeons (Phelps et al. 2012, 2017), Gulf A. o. desotoi (Allen et al.
2018), and Atlantic A. oxyrinchus oxyrinchus (Stevenson and Secor 1999; Balazik et al. 2012)
Sturgeons. The analysis of Sr isotopes has been used in recent years to aid in identification of
natal spawning areas (Allen et al. 2018). There are four stable naturally occurring Sr isotopes by
percent of relative abundance:

84

Sr (0.56%), 86Sr (9.87%), 87Sr (7.04%) and 88Sr (82.53%) (Capo

et al. 1998). A technique of comparing the 87Sr/86Sr ratios has recently been determined (Willmes
et al. 2018) and validated in reference groups of sturgeon held under controlled freshwater
conditions (Sellheim et al. 2017). Strontium metabolism of sturgeon indicates the pectoral fin ray
is a useful structure for assessing Sr due to accumulation and retention (Allen et al. 2018).
Spawning and juvenile habitats of Gulf sturgeon are relatively unknown in the Pascagoula
and Pearl River systems. As efforts continue to help restore Gulf Sturgeon, more information is
needed on juveniles in these systems to better understand spawning locations and early habitat
use. Restoration plans for this species necessitate identification of habitats important to different
5

life history stages, such as for spawning, early life history growth, holding or resting, and
foraging (Allen et al. 2018). Additionally, to help address accuracy of habitat use predictions
derived from fin spine microchemistry, the relative influence of diet and water chemistry on fin
spine chemistry needs to be determined for Gulf Sturgeon. These measurements can best be in a
controlled laboratory setting (Doubleday et al. 2013; Allen et al. 2018; Walther and Thorrold
2006; Webb et al. 2012). Therefore, the following objectives were addressed in this research:
1. Relative influence of water and diet on pectoral fin spine 87Sr/86Sr ratios in juvenile
Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus
2. Evaluate river reach of natal origin and assess habitat use and movement in the Pearl
River system and the Pascagoula River system using fin spines collected from juvenile
Gulf Sturgeon
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CHAPTER II
WATER AND DIETARY INFLUENCE, AND TIME DURATION FOR DISCERNMENT, OF
PECTORAL FIN SPINE 87SR/86SR IN JUVENILE ATLANTIC STURGEON
ACIPENSER OXYRINCHUS OXYRINCHUS
2.1

Abstract
Analysis of microchemistry in fish fin spines offers a non-lethal approach to address key

questions relating to spatial patterns and habitat use of fish. Reconstruction of life history is
based on chemical changes within calcified structures with an underlying assumption of
elemental incorporation relative to environmental concentration. However, information is limited
on the relative influence of water and diet concentrations of elements to corresponding
concentrations within fin spines. Strontium (Sr) is commonly used in trace element studies
because of its predictable changes within watersheds, with recent applications showing utility of
87

Sr/86Sr for greater spatial resolution. Therefore, this study evaluated the influence of water and

diet 87Sr/86Sr on pectoral fin spines of Atlantic Sturgeon A. oxyrinchus oxyrinchus in controlled
laboratory experiments. In the first experiment, fish were exposed to a control, water spiked with
0.10 mg/L of 87Sr or diet spiked with 0.25 µg/g or 0.50 µg/g of 87Sr in replicated tanks for 12
weeks. In a second experiment, to determine the time duration required to occupy a different
environment for fin spine chemistry to change, fish were maintained in water- or diet-spiked
treatments for 1, 2, 3, or 6 weeks. Additionally, to determine if temperature has an influence on
87

Sr/86Sr in fin spines, fish were held at 15 and 25°C for 12 weeks. Fin spines were analyzed
10

using laser ablation multi-collector inductively coupled plasma mass spectrometry (LA-MC-ICPMS), and water and diet samples were analyzed using solution based ICP-MS. Results from
Experiment 1 indicate water is the primary contributor and diet a secondary contributor of
87

Sr/86Sr in pectoral fin spines of Atlantic Sturgeon. Results from Experiment 2 indicate fin spine

87

Sr/86Sr can be influenced by water after 1 week and diet after 12 weeks. Additionally, although

sample size was limited (n=3), water temperature did not have an effect on 87Sr/86Sr fin spine
chemistry. These results provide guidance for interpretation of 87Sr/86Sr in pectoral fin spines of
sturgeon and indicate usefulness of the technique for retrospectively estimating movement and
habitat use.

2.2

Introduction
Microchemistry is a useful tool for retrospectively estimating spatial patterns of habitat

use in fishes, with application for fisheries management and guiding restoration of depleted
populations (Rude et al. 2013). Trace elements in bedrock are released naturally into surface
waters due to weathering and are relatively stable over time (Capo et al. 1998; Price et al. 2002;
Gunn et al. 2019). Specific trace elements are incorporated into the growing surface of a fish’s
calcified structures reflecting the physical and chemical characteristics of the ambient water
(Campana et al. 2000). In this regard, strontium (Sr) is commonly measured because of
differences between fresh and saline waters (Zimmerman 2005; Allen et al. 2018).
In addition to overall trace element abundance, changes in isotope ratios also offer a
means to evaluate use of freshwater river reaches, assuming bedrock and corresponding water
signatures are differentiable with river location or distance (Allen et al. 2018). Studies evaluate
some combination of the four stable naturally occurring Sr isotopes, which vary by percent of
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relative abundance: 84Sr (0.56%), 86Sr (9.87%), 87Sr (7.04%) and 88Sr (82.53%) (Capo et al.
1998). One useful application of the analysis of Sr isotope ratios has been to identify natal
spawning areas (Hobbs et al. 2007, 2010, Allen et al. 2018). In addition, marking techniques
have been developed using immersion in enriched stable isotopes (Walther and Thorrold 2006;
Munro et al. 2008; Woodcock et al. 2011; Loeppky et al. 2020).
Microchemistry is particularly useful for retrospectively understanding movements and
life history characteristics of rare or endangered species when validated by reference samples
(Secor et al. 1995; Elsdon and Gillanders 2003; Allen et al. 2009; Gunn et al. 2019). Although
otoliths are the most used calcified structure for this purpose, other structures such as fin spines
and scales have been used because fish can be sampled non-lethally (Clarke et al. 2007; Allen et
al. 2009; Altenritter et al. 2015; Allen et al. 2018).
Studies that examine the influence of environmental conditions on fin spine chemistry are
important for understanding usefulness of the structure. The incorporation of trace elements and
stable isotopes into fish spines appears to be similar to other fish calcified structures (Gillanders
2001). The fin spine is a bony structure in the pectoral fin, composed of a collagen matrix with
mineralized calcium phosphate (hydroxyapatite, Ca10(PO4)6(OH)2) (Dacke 1979). Because of
incorporation of trace elements, fin spines hold a potential historical record of physiological and
environmental influences (Arai et al. 2002), typified by a collagen matrix with mineralized
calcium phosphate (hydroxyapatite, Ca10(PO4)6(OH)2). The growing fin spines incorporate and
store elements from the surrounding environment throughout the organism’s life; growth starts at
the center of the fin spine and proceeds outward as the fish grows (Tzadik et al. 2017). The
ambient concentrations of these elements are influenced by a range of external factors varying
both at spatial and temporal scales (Vrdoljak et al. 2021). Associating changes in trace elemental
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composition across these calcified structures with the chronological record they contain enables
retrospective description of fish environmental history. This occurs when an individual has
resided in a chemically distinct location for a period of time sufficient to incorporate the unique
signature of the site (Whitledge et al. 2007; Allen et al. 2009; Phelps et al. 2012). Factors such as
diet, time duration, temperature, and salinity may also affect the incorporation of Sr into the fin
spines.
Interpretation of environmental conditions and corresponding habitat use based on fin
spine elemental composition relies on incorporation of elements present in water, however,
elements may also be derived from dietary sources (Doubleday et al. 2013). In otoliths, ambient
water trace element concentrations have been shown to be the primary influence on Sr uptake
with diet as a secondary contributor (Farrell & Campana 1996; Walther & Thorrold 2006;
Gibson-Reinemer et al. 2009; Webb et al. 2012). For example, water was the primary contributor
to otolith Sr in Nile Tilapia Oreochromis niloticus (Farrell & Campana 1996) and Rainbow Trout
Oncorhynchus mykiss (Gibson-Reinemer et al. 2009), and to otolith Sr and Ba in Mummichogs
Fundulus heteroclitus (Walther & Thorrold 2006; Webb et al. 2012). Strontium uptake from diet
has received less study than water uptake, and is relatively unknown in calcified structures
beyond otoliths, such as fin spines.
Time duration required to discern an environmental Sr signature in a calcified structure is
largely confined to studies on otoliths. Studies have shown a water-influenced Sr signature can
be detected in an otolith within 6 -20 days (Elsdon and Gillanders 2005; Woodcock et al. 2011).
Similarly, Smith and Whitledge (2011) found changed Sr isotope ratios (88Sr/86Sr) could be
detected in fish otoliths in as few as 10 days after immersion of fish in spiked water (Smith and
Whitledge 2011). In addition, temperature and salinity have been shown to have an effect on Sr
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incorporation in both otoliths and fin spines (Kalish 1989; Elsdon and Gillanders 2002; Clark
and Friedland 2004; Webb et al. 2012), but more studies are needed to establish the influence of
these factors.
In sturgeons (Acipenseridae), environmental influences on accumulation and retention of
Sr in the pectoral fin spine indicates Sr ratios are useful for estimating life history in this
structure (Allen et al. 2018; Loeppky et al. 2019). Pectoral fin spines have been used to estimate
life-history timing of movements in Green Acipenser medirostris (Allen et al. 2009), Russian A.
gueldenstaedti (Arai et al. 2002), and White A. transmontanus (Veinott et al. 1999) Sturgeons.
Pectoral fin spines have also been used to predict natal origin within freshwater in Shovelnose
Scaphirhynchus platorynchus, Pallid S. albus, Lake A. fulvescens (Phelps et al. 2012, 2017;
Loeppky et al. 2019), Gulf A. oxyrinchus desotoi (Allen et al. 2018), and Atlantic A. o.
oxyrinchus (Stevenson and Secor 1999; Balazik et al. 2012) Sturgeons. A technique allowing for
fine-scale estimation of freshwater movements through comparison of changes in 87Sr/86Sr
relative to water concentrations has recently been developed (Willmes et al. 2018) and validated
in reference groups of sturgeon held under controlled freshwater conditions (Sellheim et al.
2017). This technique could have particular application for threatened species such as Gulf
Sturgeon.
The Gulf Sturgeon occupies the northern Gulf of Mexico and associated freshwater
drainages and has a different genetic stock structure and geographic distribution than a closely
related sub-species, the Atlantic Sturgeon, which occurs along the Atlantic coast (Waldman et al.
2002; Allen et al. 2018). This species is listed as threatened under the U.S. Endangered Species
Act, primarily due to overfishing and habitat loss through damming and river fragmentation
(USFWS and GSMFC 1995; Heise et al. 2005; Gunn et al. 2019). Patterns of life history-based
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movements and habitat use are better known for adult than early life history stages of Gulf
Sturgeon. Early life history habitat use within freshwater and the timing of saline emigration are
not well known (Allen et al. 2018). Juveniles spend 9–10 months feeding in rivers before they
are thought to first emigrate from freshwater pools to estuarine habitats late within the first year
of life, in October-November (Sulak et al. 2012). Adults and subadults spend winter months
foraging for food in estuaries and coastal environments of the Gulf of Mexico. Adults move into
freshwater river systems in the spring to spawn, but there is limited information on actual
spawning locations (Fox et al. 2000; Allen et al. 2018). Past research on Gulf Sturgeon has
primarily focused on broad-scale patterns of life history (Havrylkoff et al. 2012).
This study aims to quantify the relative contribution, time duration, and temperature of
water and diet on fin spine chemistry through measurement of 87Sr uptake in juvenile Atlantic
Sturgeon. This information is important for providing a better understanding of environmental
influences on fin spine microchemistry for application to fisheries management.
2.3

Methods
Larval Atlantic Sturgeon (n= 3,000) were obtained from the US Fish & Wildlife Service

Bears Bluff National Fish Hatchery, Wadmalaw Island, South Carolina and transferred to the
Mississippi State University South Farm Aquaculture Facility. Fish were first-generation
progeny of wild brood stock. Due to the unavailability of Gulf Sturgeon from restrictions
imposed by the US Endangered Species Act, the sub-species Atlantic Sturgeon was used as a
reference, presumably with similar Sr metabolism. Fish were initially fed a combination of live
brine shrimp (Artemia spp.) and commercially formulated feed (Otohime B1, Marubeni Nisshin
Feed, Tokyo, Japan). Brine shrimp were hatched in 30-L pyramidal tanks at a salinity of 28 g/L
using artificial marine salt (Instant Ocean, Blacksburg, VA) and heated well-water at 30°C.
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Hatching tanks (4-L) were supplied with forced air via an air stone and maintained under
constant illumination via an LED light. As the sturgeon grew, they were transitioned to
successively larger sizes (0.39, 0.79, 1.58, and 3.18 mm) of commercial formulated feed
(Otohime B1 Diet and Soft Moist Diet, Rangen Inc., Buhl, Idaho). Fish were held in flowthrough well water for approximately eight months in 340-L tanks until they were ~300 mm total
length. This length was used because the sturgeon were at a size and age (late in the first year of
life) that wild sturgeon start to emigrate down river towards other river environments and saline
waters (Sulak and Clugston 1998; Allen et al. 2018). The formulated 87Sr diet size used (3.18
mm) was matched to the size of the sturgeon. To start the experiments, sturgeon were transferred
to 340-L tank recirculating aquaculture systems (RAS) equipped with an air stone, a mechanical
canister filter (Inland Seas Nu-Clear Canister Filter, Tempe, AZ), and a magnetic drive pump
(Danner Supreme®, Long Island, New York). Two experiments were conducted using 87Sr to
determine the relative influence of water or diet on fin spine Sr concentrations. Strontium isotope
ratios were manipulated using a stock solution of 87SrCO3, enriched stable isotope was dissolved
in hydrochloric acid and mixed with ultrapure water, neutralized with sodium hydroxide, for a
final solution with a pH of 7.08 and a concentration of 0.1 mg/L.
2.3.1

Experiment 1:
Water and dietary 87Sr concentrations were manipulated in order to understand

relationships between water or diet chemistry, and fin spine chemistry. For evaluation of water
87

Sr influence on fin spine chemistry, fish were placed in either well water containing a

normal/low amount (low water; LW) of Sr (same control used for diet experiment) or water
spiked with 0.1 mg/L 87Sr (high water; HW) for 12 weeks. Water 87Sr ratio was based on use of
this composition of other Sr isotopes to mark calcified structures for water and diet influence
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tests (Walther and Thorrold 2006; Webb et al. 2012; Doubleday et al. 2013; Loeppky et al 2019).
For diet, fish were fed one of three diets consisting of normal/low Sr (low diet; LD), or 87Sr
spiked at 0.25 µg/g (medium diet; MD) or 0.5 µg/g (high diet; HD) using 87SrCO3 (Cambridge
Isotope Laboratories, Tewksbury, MA). Dietary 87Sr concentrations were formulated based on
concentrations of isotopically spiked Sr used in other diet studies (Webb et al. 2012; Doubleday
et al 2013) (Table 1). For diets, the commercial diet used to rear fish (Rangen Soft Moist Diet)
was replicated because the high nutrient quality and soft texture/palatability resulted in feed
acceptance and rapid weight gain (Table 2). For making feed, freshwater fish meal derived from
commercially caught Asian Carp (Bighead Carp Hypophthalmichthys nobilis, and Silver Carp
Hypophthalmichthys molitrix) was obtained through collaboration with Aquatic Protein LLC,
(Beardstown, Illinois), as a substitute for fish meal derived from marine species (e.g., Atlantic
Menhaden, Brevoortia tyrannus) to reduce Sr concentrations inherent in marine-derived fishes.
Diets were formulated to replicate Rangen Soft Moist diet at the National Warmwater
Aquaculture Facility, Stoneville, Mississippi. Treatments were applied to tanks in a completely
randomized design; there were a total of four treatments, each with three replicate tanks, and 8
fish per tank. Juvenile Atlantic Sturgeon were tagged with 8-mm passive integrative transponder
(PIT) tags under the third dorsal scute to facilitate individual identification throughout the
experiment. Fish were placed into experimental tanks (340-L) and maintained at 25°C using a
surrounding water bath. Each tank was equipped with a separate RAS as described previously.
Immediately prior to the experiment, fin spines of fish were marked with an injection of 0.25
mg/kg of oxytetracycline (liquamycin, Zoetis US, Parsippany, NJ) into the dorsal musculature
following Stevenson and Secor (1999), allowing to see fin spine growth post experimental start.
Fish were held at treatment conditions for 12 weeks, once a day they were hand fed treatment
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diets to satiation. Water quality parameters of temperature, dissolved oxygen, conductivity, and
salinity were measured daily (YSI PRO2030, YSI Inc., Yellow Springs, OH, USA), and pH,
ammonia, and nitrite were measured weekly (DR/850 Portable Colorimeter, Hach Company,
Loveland, CO, USA). A biweekly water change was performed in the tanks to minimize
ammonia and nitrite accumulation. A water sample from each 87Sr spiked tank was collected
every 2 weeks to verify 87Sr/86Sr ratios in treatments. After 12 weeks, a section of the leading
pectoral fin spine near the point of articulation was collected from three fish from each treatment
tank following Allen et al. (2018).
2.3.2

Experiment 2:
The purpose of the second experiment was to determine the duration of time needed for

an Atlantic Sturgeon to occupy a different freshwater environment or consume a different diet in
order for a difference in 87Sr/86Sr and trace element concentrations to be detected in pectoral fin
spines. Three sub-experiments were conducted: 1) manipulation of water 87Sr/86Sr, 2)
manipulation of dietary 87Sr/86Sr, and 3) manipulation of temperature. Similar to Experiment 1,
calcified structures of juvenile Atlantic Sturgeon were marked with an injection of 0.25 mg/kg of
oxytetracycline (liquamycin, Zoetis US, Parsippany, NJ) prior to fish being placed in tanks. Fish
were held in treatment conditions for 12 weeks, once a day they were hand fed treatment diets
following Experiment 1. Water quality measurements, water changes and water sample
collection were similar to Experiment 1.
2.3.3

Sub-experiment 1: Water
Treatments consisted of two water treatments, normal well water, and high (0.1 mg/L)

87

Sr spiked water. Twelve sturgeon were placed into each of two 150-L control tanks of the same
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size as other tanks for two weeks. After two weeks, sturgeon were moved to two high 87Sr spiked
environment (0.1 mg/L) and maintained there for 1, 2, 3, and 6 weeks. Three fish were moved
back to the control tanks after their prescribed time durations had ended and maintained until the
end of the experiment (12 weeks total). Afterwards, a section of the leading pectoral fin spine
from each sturgeon was collected. Water quality parameters were monitored similarly to
Experiment 1, and a complete water change was performed weekly. A water sample from each
87

Sr spiked tank was collected every 2 weeks to verify 87Sr/86Sr ratios.

2.3.4

Sub-experiment 2: Diet
Treatments consisted of two diets, a normal diet and a high (0.5 µg/g diet) 87Sr spiked

diet. Twelve sturgeon were placed in each of two control tanks (normal water, normal diet).
After two weeks, sturgeon were transitioned and fed a high 87Sr spiked diet for 1, 2, 3, and 6
weeks. Fish were moved back to the control tanks, three fish at a time per tank (six fish total),
after their prescribed time durations had ended and maintained until the end of the experiment
(12 weeks total). Afterwards, a section of the leading pectoral fin spine near the point of
articulation was collected following Allen et al. (2018). Water quality measurements, water
changes and water sample collection were similar to Experiment 1.
2.3.5

Sub-experiment 3: Temperature
Treatments consisted of two water temperatures (15°C and 25°C). Eight sturgeon were

placed in two 150-L RAS tanks for 12 weeks and compared to 9 sturgeon (3 fish from 3 tanks),
in the control water and diet treatment in Experiment 1 at 25°C. Water quality parameters were
measured similarly to Experiment 1. A complete water change was performed weekly. After 12
weeks, a section of the leading pectoral fin spine was collected as described previously.
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2.3.6

Fin spine analysis
Fin spine samples were prepared following Phelps et al. (2012). The base of the fin spine

was removed near the point of articulation and cut to fit into a 9.52mm L x 19.05mm W x
3.175mm D mold (Electron Microscopy Sciences, Hatfield, PA). The spine was then set in EpoFix epoxy (Electron Microscopy Sciences, Hatfield, PA) and placed in a desiccator for 3-days to
dry and harden. After drying, the samples were sectioned as close to the point of articulation as
possible (widest part), into 1.3 mm sections with the use of a Buehler ISOMETTM low- speed
saw (Buehler Inc., Lake Bluff, IL, USA) with a Diamond Wafering Blade. Samples were
smoothed using silicon carbide sandpaper (400, 800 and 1000 grit) and polished with lapping
film similar to Laughlin et al. (2016). The prepared samples were mounted to 45 × 25 mm acidwashed glass petrographic slides using double sided tape and stored out of sunlight in a dry
room.
Fin spine microchemistry was analyzed using Laser Ablation Inductively Coupled
Plasma Mass Spectrometry (ICPMS) at the University of California Davis Interdisciplinary
Center for Plasma Mass Spectrometry. For fin spine 87Sr/86Sr analysis, a New Wave Research
UP213 laser ablation system with a Multi Collector (MC) ICPMS for Sr isotope analyses was
utilized following Wilmes et al. (2016). The carrier gas was helium and makeup gasses were a
combination of argon and nitrogen. Analyses consisted of discrete spot ablations, spots were 65
um wide, with 10 um in between each spot, with ablation transects conducted from the outer
edge to the core following Allen et al. (2018). The discrete spot ablations were used to minimize
sample carryover, allowing measurements to accurately correspond to growth zones and annuli
used for age estimates (Baumann et al. 2015). Laser operating parameters included a 30 s warm
up, a 7 s delay between each ablation spot, and a 25 s dwell on each spot, at 10 Hz and 65%
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power. Internal standards included fin spine sections from Green Sturgeon from a fresh water
source and otoliths from Striped Bass from a saltwater source, which were analyzed before each
slide to check for instrument drift.
2.4

Statistical Analysis
Statistical analyses were performed using RStudio 4.0.3 (R Core Team, 2020) at a

significance level of a = 0.05. Normality and homogeneity of variance were tested on residuals
with Shapiro-Wilk and Levene’s tests, respectively. For Experiment 1, a one-way analysis of
variance (ANOVA) was used to compare differences in fin spine 87Sr/86Sr between 8-9 fish per
treatment separately at each Sr water level (0, 0.1 mg/L) and at each Sr diet level (0, 0.25 µg/g,
0.50 µg/g). Following a significant ANOVA, group means were compared using Tukey’s
honestly significant difference (HSD) test. For Experiment 2, two-way ANOVAs with factors of
water and time or diet and time were used to compare fin spine 87Sr/86Sr using fish as replicates
(n=4-6). A variance T-test was used to compare fin spine 87Sr/86Sr in fish at 15°C compared to
25°C. Data are reported as mean ± standard error (SE).
2.5
2.5.1

Results
Water Quality
Water quality variables and temperature were maintained at conditions adequate for fish

growth (tables 2.1, 2.3) (Colt and Tomasso 2001; Boyd and Tucker 2014).
2.5.2

Fin Spine Chemistry: Experiment 1
Fin spine 87Sr/86Sr was significantly higher in fish in the spiked water (0.1 mg/L)

compared to the control (F1,16 = 9.117, P= 0.0081, n=8-9 fish per treatment) (Figure 1) (Table 6),
and the two spiked diets (0.25 µg/g, 0.50 µg/g) compared to the control (F2,22 = 8.639, P=
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0.0017). No mortality was recorded during the 12-week experiment. The spiked water treatment
was 2.3-fold greater 87Sr/86Sr isotope ratios than the control treatment (figure 2.2).
2.5.3

Fin Spine Chemistry: Experiment 2
Fin spine 87Sr/86Sr was significantly higher in fish (n=4-6 fish/week) held in spiked water

(0.1 mg/L) after 1, 2, 3, and 6 weeks of exposure compared to the control group (F1,16 = 9.117,
P= 0.0081). Mortality occurred in the two spiked water tanks due to a temporary increase in
nitrite, resulting in lower sample sizes (n=4 fish/ tank) (figure 2.3) (table 2.7).
There was a trend of numerically greater 87Sr/86Sr in the high spiked diet (0.5 µg/g) treatment
after 1, 2, 3, and 6 weeks of exposure (n=6 fish/week) compared to the control treatment, but
there were no significant differences (F4,20 = 2.51, P= 0.0743) (figure 2.4). No mortality occurred
during the experiment. For temperature, although sample size was low (n=3) at 15°C due to
mortality from a high nitrite spike in the tank, the 15°C and 25°C treatments were very similar
(P= 0.6139) (figure 2.5).
2.6

Discussion
Water and diet are two primary sources presumably influencing Sr concentrations in fish

calcified structures. In otoliths, environmental factors such as water temperature, salinity and
ambient element concentrations are known to contribute to elemental uptake and composition, as
well as genetic background, fish diet and physiological processes (Clarke et al. 2011; Woodcock
et al. 2012; Doubleday et al. 2013; Sturrock et al. 2014; Grammer et al. 2017; Izzo et al. 2018;
Martinho et al. 2020). Results from previous studies on otoliths using Sr isotope spikes have
shown water has a greater influence than diet (Farrell & Campana 1996; Walther & Thorrold
2006; Gibson-Reinemer et al. 2009; Webb et al. 2012). Ambient water was the primary
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contributor to otolith Sr in Nile Tilapia Oreochromis niloticus (Farrell & Campana 1996) and
Rainbow Trout Oncorhynchus mykiss (Gibson-Reinemer et al. 2009) and to otolith Sr and Ba in
Mummichogs Fundulus heteroclitus (Walther & Thorrold 2006; Webb et al. 2012). Dietary
influence on otolith chemistry is secondary but still substantial (Webb et al. 2012).
Results from fin spines are consistent with otoliths and show that water has stronger
effect of Sr isotope uptake in comparison to diet. Few studies have looked at the influence of
water and diet on Sr uptake in pectoral fin rays/spines. Sellheim et al. (2017) found incorporation
of White Sturgeon fin ray 87Sr/86Sr is influenced more by water than diet, but diet also has an
effect on fin ray uptake of Sr. Allen et al. (2018) found water had a stronger influence in Atlantic
Sturgeon fin rays compared to diet, with the relative contribution also influenced by salinity:
water contribution increased and dietary contribution decreased with increasing salinity.
Similarly, the results of our study indicate both water and diet influence Atlantic Sturgeon
pectoral fin spine 87Sr/86Sr, although water appears to have a stronger influence.
Although water is the main driving factor in 87Sr uptake in Atlantic Sturgeon fin spines,
diet also influences uptake of Sr. Unlike other natural isotopes found throughout water systems,
Sr isotopes do not fractionate with trophic levels, meaning a similar isotopic signature will be
incorporated into fish from both Sr water and dietary sources (Graustein 1989; Blum et al. 2000;
Kennedy et al. 2000). Previous studies using enriched diets have found significant influences on
otolith chemistry (Limburg 1995, Gallahar & Kingsford 1996, Buckel et al. 2004, Engstedt et al.
2012). The findings of this study also support diet can also be an important influence on fin spine
87

Sr/86Sr and needs to be considered when interpreting retrospective movement patterns.

Available dietary sources for Gulf Sturgeon (e.g., benthic invertebrates, crustaceans, mollusks,
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and small fish (Mason and Clugston 1993) would be expected to reflect 87Sr/86Sr in the ambient
water based on the low mobility of these prey items (Chase et al. 2015).
Variability in water temperatures between the river systems and the estuary can be large,
so we looked at if 87Sr/86Sr ratios varied between temperatures. In this study, two temperatures
15°C and 25°C were evaluated to determine whether temperature influences 87Sr/86Sr in pectoral
fin spines. After 12 weeks, fin spine 87Sr/86Sr did not differ between temperatures. Although
sample size was limited due to mortality in the low temperature treatment, previous studies on
otoliths generally support this finding. Water temperature did not affect Sr deposition in otoliths
of Atlantic Salmon, Salmo salar (Clark and Friedland 2004) or otolith Sr isotope ratios in
Australian Salmon Arripis trutta (Kalish 1989). In juvenile Black Bream, Acanthopagrus
butcheri, salinity but not temperature influenced otolith Sr:Ca and 88Sr/86Sr (Webb et al. 2012).
In Black Bream, a study looked at lower and higher water temperatures, resulted in a higher
Sr:Ca ratio compared to mid-range temperatures (12, 16, 20, 24, 28°C) (Elsdon and Gillanders
2002). Therefore, although temperature does not influence Sr uptake in most species examined,
results must be interpreted cautiously.
Uptake of Sr isotopes in bony structures of fish is affected by the duration of time they
are exposed to unique isotope sources. In this study, fin spine 87Sr/86Sr significantly increased
after one week of exposure to enriched water. Diet was found to influence 87Sr/86Sr at 12 weeks,
although after two weeks 87Sr/86Sr gradually increased but was not statistically discernable
presumably due to small sample sizes. In otoliths, a previous study using Sr elemental spike in
controlled conditions found it takes 20 days for Sr concentrations to reflect that of the ambient
water (Elsdon and Gillanders 2005). Another study found 137Ba had a distinguishable change in
otoliths of larval Red Drum, Sciaenops ocellatus, after only six days of exposure of 137Ba
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(Woodcock et al. 2013). Similarly, juvenile Golden Perch, Macquaria ambigua, otolith isotope
ratios increased as few as 8 days after exposure to solutions of enriched stable isotopes of Ba and
Sr (Munroe et al. 2008). Our study suggests that fin spines may be able to incorporate water
chemistry in a shorter amount of time compared to otoliths, possibly because of the more direct
connection to blood supply.
Several studies have evaluated time durations required for isotopic marking of sturgeon
fin rays. Mirali et al. (2017) found that it takes as little as one day to mark juvenile Persian
Sturgeon pectoral fin spines, Acipenser persicus, with water enriched with 137Ba. Smith and
Whitledge (2011) looked at the effectiveness of marking juvenile Lake Sturgeon with 86SrCO3
and concluded that pectoral fin rays 88Sr/86Sr ratios can be altered in as little as 10 days. Carriere
et al. (2016) found 86Sr in juvenile Lake Sturgeon can be altered in as little as 12 days. Our study
concluded that pectoral fin spines 87Sr/86Sr ratios can be altered in as little as 7 days in juvenile
Atlantic Sturgeon.
Analysis of changes in 87Sr/86Sr in calcified structures of fish is an important tool for
retrospectively assessing movement and habitat use. In this study examination of the influences
of water, diet, temperature, and time duration on 87Sr/86Sr in pectoral fin spines of Atlantic
Sturgeon help to direct future application of this tool, particularly for fish in freshwater. Water
and diet both influenced fin spine 87Sr/86Sr, with water having a greater influence. Changes in
water 87Sr/86Sr were discernable after only one week of immersion in enriched 87Sr water, while
the influence of diet was detectable by 12 weeks. Temperature did not have an effect on fin spine
87

Sr/86Sr, although greater sample sizes would further substantiate this finding. Therefore,

because fish make life history-based movements across heterogeneous environments (e.g.,
marine to freshwater, upper to lower reaches of a river, and among tributaries with distinct
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bedrock geochemistry), environmental influences on Sr isotope signatures in calcified structures
need to be carefully considered.
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2.8

Tables

Table 2.1

Experiment 1 mean (± SE) water quality variables of Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus during the 12week experimental period

Treatment

DO (mg/L)

DO (%
Saturation)

pH

Temperature
(°C)

Salinity
(ppt)

Control

6.67 ± 0.14

79.68 ± 1.63

7.60 ± 0.07

24.3 ± 0.0

High Water

6.40 ± 0.07

76.15 ± 0.80

7.37 ± 0.04

Medium Diet

6.15 ± 0.18

73.18 ± 2.00

High Diet

6.35 ± 0.14

75.76 ± 1.73

NO2(mg/L)

TAN
(mg/L)

NH3
(mg/L)

0.2 ± 0.0 0.22 ± 0.07

0.16 ± 0.03

0.00 ± 0.00

24.1 ± 0.0

0.2 ± 0.0 0.34 ± 0.09

0.15 ± 0.02

0.00 ± 0.00

7.34 ± 0.01

24.2 ± 0.1

0.2 ± 0.0 0.23 ± 0.04

0.13 ± 0.00

0.00 ± 0.00

7.37 ± 0.06

24.2 ± 0.1

0.2 ± 0.0 0.19 ± 0.05

0.13 ± 0.01

0.00 ± 0.00

Dissolved Oxygen (DO), Nitrite (NO2-), Ammonia (NH3), Total Ammonia Nitrogen (TAN)
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Table 2.2

Ingredient and proximate composition of basal diet (percentage, as fed)
% As

Ingredients

fed

Freshwater fish meal

53.23

Blood meal

5.00

Brewer’s yeast

5.00

Wheat flour

26.30

Dicalcium phosphate

1.00

Mineral premix

0.10

Vitamin Premix

0.50

Choline chloride

0.30

Stay C, 35%

0.10

Carboxymethyl cellulose

2.00

Fish / soy oil

6.47

Total

100.00
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Table 2.3

Experiment 2 mean (± SE) water quality variables of Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus during the 12week experimental period

Treatment

DO (mg/L) DO (%
Saturation)

pH

Temperature Salinity
(°C)
(ppt)

NO2(mg/L)

TAN
(mg/L)

NH3
(mg/L)

Control

6.67 ± 0.14

79.68 ± 1.63

7.60 ± 0.07

24.3 ± 0.0

0.2 ± 0.0

0.22 ± 0.07

0.16 ± 0.03

0.00 ± 0.00

High Water

6.12 ± 0.03

72.87 ± 0.43

7.29 ± 0.04

24.1 ± 0.1

0.2 ± 0.0

0.48± 0.09

0.17 ± 0.02

0.00 ± 0.00

High Diet

6.33 ± 0.1

75.46 ± 1.10

7.50 ± 0.00

24.2 ± 0.1

0.2 ± 0.0

0.64 ± 0.05

0.19 ± 0.02

0.00 ± 0.00

15 °C

9.28 ± 0.10

94.62 ± 0.12

8.09 ± 0.01

16.3 ± 0.3

0.2 ± 0.0

0.08 ± 0.03

0.15 ± 0.06

0.01 ± 0.00

Dissolved Oxygen (DO), Nitrite (NO2-), Ammonia (NH3), Total Ammonia Nitrogen (TAN)
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Table 2.4

Experiment 1 mean (± SE) length and weight of Atlantic Sturgeon Acipenser
oxyrinchus oxyrinchus

Treatment

n

Length (mm)

Weight (g)

Control

9

376 ± 12

158.93 ± 12.53

High Water

9

392 ± 6

169.33 ± 11.21

Medium Diet

9

389 ± 9

173.62 ± 12.11

High Diet

9

378 ± 14

162.28 ± 20.70

15°C

3

406 ± 23

220.94 ± 47.80
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Table 2.5

Experiment 2 mean (± SE) length and weight of Atlantic Sturgeon Acipenser
oxyrinchus oxyrinchus

Treatment

n

Length (mm)

Weight (g)

High Water

23

330 ± 8

98.23 ± 7.96

High Diet

17

372 ± 10

142.97 ± 12.33

31

2.9

Figures

4.0
b

3.0

86

Sr/ Sr

3.5

Fin Spine

87

2.5

2.0

1.5

1.0
a
0.5
Control

0.1 mg/L

Water Treatments
Figure 2.1

Mean (± SE) Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus fin spine
87
Sr/86Sr in water with spiked 87Sr for 12 weeks.

Different letters indicate statistical differences among temperature treatments (ANOVA; P<0.05,
n=8-9 fish/treatment)
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0.705
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Figure 2.2

Mean (± SE) Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus fin spine
87
Sr/86Sr in different diet spiked treatments (0.25 µg/g, 0.50 µg/g) for 12 weeks.

Different letters indicate statistical differences among diet treatments (ANOVA; P<0.05, n = 9
fish/treatment)
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Figure 2.3

Mean (± SE) Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus fin spine
87
Sr/86Sr in different durations of water with spiked 87Sr (0.1 mg/L).

Different letters indicate statistical differences among temperature treatments (ANOVA; P<0.05,
n= 4-6 fish/treatment)
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Figure 2.4

Mean (± SE) Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus fin spine
87
Sr/86Sr in different durations of diet spiked treatment (0.50 µg/g).

Different letters indicate statistical differences among temperature treatments (ANOVA; P<0.05,
n= 4-6 fish/treatment)
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Figure 2.5

Mean (± SE) Atlantic Sturgeon Acipenser oxyrinchus oxyrinchus fin spine
87
Sr/86Sr in different temperatures.

Different letters indicate statistical differences among temperature treatments (ANOVA; P<0.05,
n=3-9 fish/treatment)
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CHAPTER III
EVALUATION OF RIVER REACH OF NATAL ORIGIN AND MOVEMENT OF JUVENILE
GULF STURGEON USING 87SR/86SR MICROCHEMISTRY IN THE PEARL RIVER
AND THE PASCAGOULA RIVER SYSTEMS
3.1

Abstract
Understanding patterns in strontium (Sr) isotope concentrations and water quality within

river systems provides useful insight for evaluating retrospective movements and habitat use of
fish. Analysis of Sr isotope ratios (87Sr/86Sr) in pectoral fin spines offers a non-lethal method for
determining natal spawning areas and retrospective life history of long-lived, imperiled species
such as sturgeons. In this study, fin spine and water samples were analyzed from Gulf Sturgeon
Acipenser oxyrinchus desotoi (ages 1-3) collected from the Pascagoula River Basin (MS, USA)
and the Pearl and Bogue Chitto River Basin (LA and MS, USA). Samples were analyzed for
87

Sr/86Sr using laser ablation multi-collector inductively coupled plasma mass spectrometry (LA-

MC-ICP-MS). Analyses of 87Sr/86Sr in spot ablations closest to the core found fish separated into
four cutoff groupings (0.7110, 0.7105, 0.7100, and 0.7906) for both Pearl River and the
Pascagoula Rivers from 2016-2021. These values were used to predict first discernable river
location, corresponding to locations above the Pools Bluff Sill Dam and the middle river for fish
on the Pearl River. Analyses of 87Sr/86Sr in ablation spots for age 1-3 juvenile Gulf Sturgeon
were used to predict early life history movement patterns within both river systems. In the Pearl
River system, 87.5% of age 1 fish (pre-first annuli) had stable 87Sr/86Sr indicating movement was
minimal during the first year (first growth zone), whereas in age 2 and 3 fish, the majority of fish
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ages 2 and 3 had decreasing 87Sr/86Sr indicating downriver movement closer to estuarine
locations. This study demonstrates the usefulness and discusses limitations of using 87Sr/86Sr in
sturgeon pectoral fin spines for providing information on early life history locations within river
systems.

3.2

Introduction
Trace elements have been widely used as chemical signatures to reconstruct life history

patterns of fish. Analysis of strontium (Sr) isotope ratios such as 87Sr/86Sr has become a useful
tool for the purpose of retrospective analysis of habitat use and migrations (Hobbs et al. 2005,
2010; Brennan et al. 2015; Allen et al. 2018). Additionally, in recent years isotopic ratios have
also been used in identification of natal spawning areas (Phelps et al. 2012, 2016; Allen et al.
2018; Loeppky et al. 2019). There are four stable, naturally occurring Sr isotopes by percent of
relative abundance:

84

Sr (0.56%), 86Sr (9.87%), 87Sr (7.04%) and 88Sr (82.53%) (Capo et al.

1998). The isotope 87Sr is produced through the radioactive decay of 87Rubidium (Rb) (half-life
= 49 × 109 years) over geological timescales, whereas the absolute amount of 86Sr does not
change over time (Capo et al. 1998). Therefore, older rocks and (or) those with higher Rb/Sr
ratios develop higher 87Sr/86Sr ratios (Faure 1977; Åberg 1995; Kennedy et al. 2000). Strontium
in bedrock is released naturally due to weathering, where it accumulates proportionately in local
flora and fauna (Capo et al. 1998; Price et al. 2002; Gunn et al. 2019). The ratio of 87Sr/86Sr is a
unique characteristic of freshwater rivers and within river reaches due to differences in bedrock
material, whereas oceanic 87Sr/86Sr is relatively homogenous (Capo et al. 1998). The geology and
age of watersheds determine the geochemistry and therefore 87Sr/86Sr signatures of surface water
(Vaisvil 2019).
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The success of microchemistry techniques to retrospectively trace life history depends on
two key factors: (1) habitats must differ consistently in water chemistry signatures and (2) these
differences correlate to and are preserved in the calcium-based molecular matrix of fish hard
parts, including otoliths, statoliths, fin spines, and scales (Campana 1999; Pracheil et al. 2014).
Otoliths, calcified structures formed by the deposition of biominerals in the inner ear of fishes
(Secor et al. 1995; Campana 1999; Loeppky et al. 2019), are ideal for investigating the
relationship between water and tissue geochemistry because once the otolith material is
deposited it is not resorbed or altered (Campana and Neilson 1985; Campana and Thorrold 2001;
Willmes et al. 2016). Fin spines and rays are assumed to be more susceptible to resorption and
remodeling compared to otoliths, presumably during times of stress, reproduction, or starvation,
and are influenced by diet type and amount consumed and the surrounding waters (Bilton 1974;
Campana and Thorrold 2001).
In sturgeons, trace element analyses of pectoral fin rays have been used to predict natal
origin within freshwater in Shovelnose Scaphirhynchus platorynchus, Pallid S. albus, Lake A.
fulvescens (Phelps et al. 2012, 2016; Loeppky et al. 2019), Gulf A. o. desotoi (Allen et al. 2018),
and Atlantic A. oxyrinchus oxyrinchus (Stevenson and Secor 1999; Balazik et al. 2012)
Sturgeons. Additionally, analyses of fin spines have helped determine the timing of seawater
entry in Green A. medirostris (Allen et al. 2009), Russian A. gueldenstaedti (Arai et al. 2002),
White A. transmontanus (Veinott et al. 1999), and Gulf Sturgeons (Allen et al. 2018), and as well
as scutes in Shortnose Sturgeon A. brevirostrum (Altenritter et al. 2015). Strontium metabolism
of sturgeon indicates the pectoral fin ray is a useful structure for assessing Sr due to
accumulation and retention, despite the potential for resorption (Allen et al. 2009; Carriere et al.
2016; Allen et al. 2018; Loeppky et al. 2020). Similar to other species (Chowdhury et al. 2000),
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it has been shown Sr2+ enters Lake Sturgeon via Ca2+ transport systems (Loeppky et al. 2021).
Both Sr2+ and Ca2+ are alkaline earth metals with similar chemical properties, allowing Sr2+
passive entry through Ca2+ selective channels on the apical surface of gill epithelial
mitochondria-rich cells (Shahsavarani 2006; Chowdhury and Blust 2012).
The measurement of 87Sr/86Sr using laser ablation multi-collector inductively coupled
plasma mass spectrometry (LA-MC-ICP-MS) analysis of biological apatite samples such as fin
spines can be affected by polyatomic interferences from Rb and phosphorus resulting in
inaccurate 87Sr/86Sr measurements (Wilmes et al. 2016; Sellheim et al. 2017). Recent analytical
advances indicate 87Sr/86Sr measurements of biological apatite samples are possible without
artifact using improved analytical protocols (Lewis et al. 2014; Willmes et al. 2016; Sellheim et
al. 2017). Wilmes et al. (2016) found application of in situ 87Sr/86Sr isotope analysis to fish
biological apatite samples requires careful monitoring, and if necessary, tuning to reduce
polyatomic interference.
The Gulf Sturgeon is a federally threatened subspecies of the Atlantic Sturgeon (USFWS
1991; Waldman et al. 2002), occurring in northern Gulf of Mexico drainages from Tampa Bay,
Florida westward to the Mississippi River (Ross et al. 2009). Gulf Sturgeon are slow-maturing
and long-lived (lifespan of 20-25 years), requiring long recovery times following population
depletion (Flowers 2020). Populations of Gulf Sturgeon were severely reduced due to
commercial fishing in the 1900’s, with peak harvest of 38,300 kg in 1900, followed by annual
harvests averaging 900-1,500 kg until 1984 when the fishery was closed (Flowers, 2020).
Presently, this species is in decline due to damming, dredging, habitat degradation, and climate
change (Flowers 2020). Reproductive populations are found in seven main river systems (i.e.,
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Pearl, Pascagoula, Escambia, Yellow/Blackwater, Choctawhatchee, Apalachicola, and Suwannee
rivers) (USFWS et al. 2003).
Adults and subadults spend winter months foraging for food in estuaries and coastal
environments of the Gulf of Mexico (Sulak et al. 2012). Data from acoustically tagged sturgeon
within the Pearl River and Pascagoula River suggest feeding is restricted to shallow, nearshore
areas that occur mainly in estuarine and coastal environments (Bemis and Kynard 1997; Ross et
al. 2009). Adult Gulf Sturgeon migrate upriver into freshwater in spring and summer for
spawning, but their natal spawning sites are relatively unknown (Allen et al. 2018). Freshwater
habitats are utilized during high temperature summer months to achieve thermal refuge from
high temperature saline and estuarine habitats and fish move downriver in fall (late September to
November) (Hightower et al. 2002; Heise et al. 2005; Rogillio et al. 2007; Ross et al. 2009;
Sulak et al. 2012). Information on early life history habitat use stems from movements and
seasonal habitat use of adult and subadult Gulf Sturgeon. In the Pascagoula River system, the
only known spawning site is the Bouie River, 250 river kilometers (rkm) upstream from the
mouth of the Pascagoula River (Ross et al. 2003; Heise et al. 2004; Ross et al. 2009). In addition,
adults and subadults are known to congregate in a holding area in the lower Pascagoula River
and the tributary Big Black Creek (148rkm) from May to November before returning to the Gulf
of Mexico (Heise et al. 2005). Fall environmental cues, such as decreasing day length,
decreasing water temperature, and increases in river discharge, prompt the movement of adult
Gulf Sturgeon from holding areas to locations downriver (Heise et al. 2005; Grammar et al.
2014). In the Pearl River system, Gulf Sturgeon occur in the Pearl and Bogue Chitto Rivers from
April through November and use the barrier island passes of the Mississippi Sound during the
winter, the body of saltwater that extends along the coast from Dauphin Island, Alabama to
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Waveland, Mississippi (Rogillio et al. 2007; Ross et al. 2009; Vick et al. 2016). Adults are
known to concentrate around the Bogue Chitto River and subadults around the Pearl River
(Rogillio et al. 2007). Adults have been observed congregating in the Mississippi Sound during
the winter months between November and March but long-term population trends are absent
(Rogillio et al. 2007; Ahrens et al. 2014; Vick 2016). Spawning locations are thought to occur in
the upper Pearl or Bogue Chitto Rivers but have not been conclusively identified (Rogillio et al.
2001; Rogillio et al. 2007; Vick 2016). Adult Gulf Sturgeon have been found in Lake
Pontchartrain and the Amite River, and there is speculation the lake and surrounding rivers are
important habitats (Rogillio et al. 2007; Sulak et al. 2016). Gulf Sturgeon from the Pearl and
Pascagoula River systems have been reported to share and occupy the same marine feeding
habitats during the winter months (Ross et al. 2009). There are some reports of adult Gulf
Sturgeon feeding in freshwater (Sulak et al. 2012), while mainly, fish feed in shallow near-shore
habitats or barrier islands in marine environments during the winter period (Huff 1975, Mason &
Clugston 1993, Bemis & Kynard 1997, Harris et al. 2005, Brooks & Sulak 2005, Ross et al.
2009, Vick et al. 2016).
Restoration plans for this species require identification of habitats important to different
life history stages, such as for spawning, early life history growth, and holding or resting areas.
The identification of spawning regions and habitat usage at juvenile life history stages
contributing to recruitment of juveniles would be beneficial in guiding restoration for this
species. Therefore, 87Sr/86Sr isotopic analysis via LA-MC-ICP-MS was used to estimate natal
spawning origins and habitat use of juvenile Gulf Sturgeon (ages 1-3) in the Pascagoula and
Pearl River systems. The objectives were to quantify 87Sr/86Sr fin spine ratios from juvenile Gulf
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Sturgeon within the Pascagoula and Pearl and Bogue Chitto River systems to quantify natal
spawning areas and movements.
3.3

Methods
Gulf Sturgeon were collected from the Pearl and Pascagoula River systems from 2016 –

2021 using gill net sets, excluding 2020, in collaboration with the University of Southern
Mississippi, Louisiana State University, and the US Fish and Wildlife Service (table 3.1).
Pectoral fin spines from 136 fish from the Pearl River and 64 fish from the Pascagoula River
were collected near the point of articulation using a coping saw following (Allen et al. 2018), and
all fish were released immediately afterwards. Fin spines were sampled from fish ranging in age
from 1 to 3 years based on previous age estimates of fin spines done by Dr. Michael Andres at
the University of Southern Mississippi, as well as age estimation from age/length cutoff groups
produced by Kayla Kimmel (US Fish and Wildlife Service Mississippi-Basin Region 4, Baton
Rouge) from fish sampled from the Pearl River during 2016-2019, and the age/length cutoff
consisted of sturgeon from the ages 1 (315-449mm), age 2 (450-569mm), age 3 (570-719mm),
age 4 (720-939mm) for fish not previously aged.
Fin spine samples were prepared following Phelps et al. (2012). The base of the fin spine
was removed near the point of articulation and cut to fit into a 9.525mm L x 19.050mm W x
3.175mm D mold (Electron Microscopy Sciences, Hatfield, PA). The spine was then set in EpoFix epoxy (Electron Microscopy Sciences, Hatfield, PA) and placed in a desiccator for 3-days to
dry and harden. After drying, the samples were sectioned as close to the point of articulation as
possible (widest part), into 1.3 mm sections with the use of a Buehler ISOMETTM low-speed saw
(Buehler Inc., Lake Bluff, IL, USA) with a Diamond Wafering Blade. Samples were smoothed
using silicon carbide sandpaper (400, 800 and 1000 grit) and polished with lapping film similar
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to Laughlin et al. (2016). The prepared samples were mounted to 45 × 25 mm acid-washed glass
petrographic slides using double sided tape and properly stored out of sunlight in a dry room.
Fin spine microchemistry was analyzed using LA-ICP-MS at the University of California
Davis Interdisciplinary Center for Plasma Mass Spectrometry. For fin spine 87Sr/86Sr analysis, a
New Wave Research UP213 laser ablation system with a LA-MC-ICP-MS for Sr isotope
analyses was utilized following Wilmes et al. (2016). The carrier gas was helium and makeup
gasses were a combination of argon and nitrogen (table 3.2). Analyses consisted of discrete spot
ablations arranged in a transect from the core to the edge. Spot ablations were 65 µm wide, with
10 µm in between each spot, with ablation transects conducted from the core to the outer edge
following Allen et al. (2018) (figure 3.1). The discrete spot ablations allowed measurements to
accurately correspond to growth zones and annuli used for age estimates (Baumann et al. 2015).
Laser operating parameters included a 30 s warm up, a 7 s delay between each ablation spot, and
a 25 s dwell on each spot, at 10 Hz and 65% power. Internal standards included fin spine sections
from Green Sturgeon from a fresh water source and otoliths from Striped Bass, Morone saxatilis,
from a saltwater source (figure 3.2), which were analyzed before and after each slide to check for
instrument drift.
3.4

Statistical Analysis
Data reduction was carried out in IsoFishR (Willmes et al. 2018b), and included a

background subtraction (30 s, laser off), an exponential mass bias correction, assuming 86Sr/88Sr
= 0.1194, and an 87Rb correction, by monitoring the 85Rb signal and applying the same mass bias
correction as determined for Sr. A 5-point average was applied to the raw data collected by the
mass spectrometer with an integration time of 0.2 s resulting in 1 datapoint per second. Outliers
were removed based on 2 IQR outlier criterion using a 40-point moving average window
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(Hoaglin et al. 1986). Fish were grouped based on similar 87Sr/86Sr values near the fin spine core,
indicating a similar initial riverine area following spawning. Ward’s Clustering analysis using
RStudio 4.0.3 (R Core Team, 2020) was used to categorize movement after natal location.
3.5
3.5.1

Results
Pascagoula River 2017-2021 natal area
Pascagoula River Gulf Sturgeon were grouped based on similar 87Sr/86Sr values in 4 main
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Sr/86Sr groups (0.7110, 0.7105, 0.7100, 0.7906). In 2017, 40% (n=2) of fish had a 87Sr/86Sr

core mean of ~0.7105, and 60% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7100. In 2019, fish
were grouped into two different age categories, age 1 and ages 2-3; for fish at age 1 year, 9%
(n=1) of fish had a 87Sr/86Sr core mean of ~0.7110, 82% (n=9) of fish had a 87Sr/86Sr core mean
of ~0.7105, and 9% (n=1) of fish had a 87Sr/86Sr core mean of 0.7096. However, for fish of ages
2-3 years from 2019, 9% (n=2) of fish had a 87Sr/86Sr core mean of ~0.7105, 27% (n=6) of fish
had a 87Sr/86Sr core mean of ~0.7101, and 64% (n=14) of fish had a 87Sr/86Sr core mean of
~0.7096. For 2021, 12% (n=2) of fish had a 87Sr/86Sr core mean of ~0.7117, another 12% (n=2)
of fish had a 87Sr/86Sr core mean of ~0.7110, 59% (n=10) of fish had a 87Sr/86Sr core mean of
~0.7105, and 17% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7096 (figure 3.3).
3.5.2

Pearl River 2016-2021 natal area results
Gulf Sturgeon from the Pearl River were grouped based on similar 87Sr/86Sr values in 5

main 87Sr/86Sr groups (0.7115, 0.7110, 0.7105, 0.7100, 0.7906), indicating a similar initial
riverine area following spawning. In the Pearl River in 2016, results show 50% (n=2) of fish had
a 87Sr/86Sr core mean of ~0.7112 and 50% (n=2) of fish had a 87Sr/86Sr core mean of ~0.7100.
Pearl River 2017 age 1 fish, results show 15% (n=3) of fish had a 87Sr/86Sr core mean of
~0.7125, 15% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7120, 25% (n=5) of fish had a
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Sr/86Sr core mean of ~0.7110, 25% (n=5) of fish had a 87Sr/86Sr core mean of ~0.7105, 20%

(n=4) of fish had a 87Sr/86Sr core mean of ~0.7098. In age 2 fish 5% (n=1) of fish had a 87Sr/86Sr
core mean of ~0.7125, 30% (n=6) of fish had a 87Sr/86Sr core mean of ~0.7110, 25% (n=5) of
fish had a 87Sr/86Sr core mean of ~0.7100, 40% (n=6) of fish had a 87Sr/86Sr core mean of
~0.7095. In age 3 fish 20% (n=4) of fish had a 87Sr/86Sr core mean of ~0.7110, 25% (n=5) of fish
had a 87Sr/86Sr core mean of ~0.7105, and 10% (n=2) of fish had a 87Sr/86Sr core mean of
~0.7100, and 45% (n=9) of fish had a 87Sr/86Sr core mean of ~0.7095. In age 4-5 fish show 11%
(n=1) of fish had a 87Sr/86Sr core mean of ~0.7118, 22% (n=2) of fish had a 87Sr/86Sr core mean
of ~0.7105, 66% (n=6) of fish had a 87Sr/86Sr core mean of ~0.7095. In Pearl River 2018, 14%
(n=1) of fish had a 87Sr/86Sr core mean of ~0.7125, 29% (n=2) of fish had a 87Sr/86Sr core mean
of ~0.7105, and 57% (n=4) of fish had a 87Sr/86Sr core mean of ~0.7095.
While in 2021 age 1 fish, 16% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7116, 11%
(n=2) of fish had 87Sr/86Sr core mean of ~0.7105, 55% (n=10) of fish had a 87Sr/86Sr core mean
of ~0.7110, and 16% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7100. In age 2 fish, 5% (n=1)
of fish had a 87Sr/86Sr core mean of ~0.7115, 24% (n=5) of fish had a 87Sr/86Sr core mean of
~0.7110, 43% (n=9) of fish had a 87Sr/86Sr core mean of ~0.7100, and 29% (n=6) of fish had a
87

Sr/86Sr core mean of ~0.7095. In age 3 fish 19% (n=4) of fish had a 87Sr/86Sr core mean of

~0.7110, 19% (n=4) of fish had a 87Sr/86Sr core mean of ~0.7105, 48% (n=10) of fish had a
87

Sr/86Sr core mean of ~0.7100, and 14% (n=3) of fish had a 87Sr/86Sr core mean of ~0.7095

(figure 3.4).
3.5.3

Pearl River 2016-2021 habitat use results
In 2017, 90% of age 1 fish (n=18) had stable 87Sr/86Sr indicating movement was minimal

during the first year, 10% (n=2) had decreasing 87Sr/86Sr indicating movement downriver
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towards estuaries when compared to a 87Sr/86Sr water chemistry map produced by Gunn et al.
(2019). In 2017, 45% of age 2 fish (n=8) had stable 87Sr/86Sr indicating movement was minimal
during the first two years, 55% of age 2 fish (n=10) ) had decreasing 87Sr/86Sr indicating
movement to downriver closer towards the estuaries. In 2017, 60% of age 3 fish (n=12) had
stable 87Sr/86Sr indicating movement was minimal during the first three years showing no
patterns, 40% (n=8) of age 3 fish had decreasing 87Sr/86Sr indicating movement to downriver
closer towards the estuaries in the second and third growth zones, while ages 4-5, 45% (n=4) of
fish show no patterns, 55% (n=5) of fish had decreasing 87Sr/86Sr indicating movement to
downriver closer towards the estuaries (figure 3.5).
In 2021, 85% of age 1 fish (n=17) had stable 87Sr/86Sr indicating movement was minimal
during the first year, 15% (n=3) had decreasing 87Sr/86Sr indicating movement to downriver
closer towards the estuaries when compared to a 87Sr/86Sr water chemistry map produced by
Gunn et al. (2019). In 2021, 43% of age 2 fish (n=10) had stable 87Sr/86Sr indicating movement
was minimal during the first two years, 57% of age 2 fish (n=13) had decreasing 87Sr/86Sr
indicating movement to downriver closer towards the estuaries in the second growth zone. In
2021, 33% of age 3 fish (n=7) had stable 87Sr/86Sr indicating movement was minimal and no
patterns were shown, 67% of age 3 fish (n=14) had decreasing 87Sr/86Sr indicating movement to
downriver closer towards the estuaries in the second and third growth zone.
3.6

Discussion
Analysis of 87Sr/86Sr in pectoral fin spines is a useful method for estimating natal

spawning areas and reconstructing movements of juvenile sturgeons. Although otoliths are the
most commonly used calcified structure, other structures such as fin spines and scales have been
used because fish can be sampled non-lethally (Clarke et al. 2007; Allen et al. 2009; Altenritter
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et al. 2015; Allen et al. 2018). Fin spines, like otoliths, incorporate and store elements from the
surrounding environment throughout the organism’s life; growth starts at the center of the fin
spine and proceeds outward as the fish grows (Tzadik et al. 2017). Recent development of a
technique comparing changes in 87Sr/86Sr in fin spines relative to water concentrations has
facilitated estimation of fine-scale movements within freshwater (Willmes et al. 2018). Using
this technique with LA-MC-ICP-MS, discrete spot ablation transects from the core of the fin
spine to the outside edge were conducted to predict natal origin and movement of juvenile Gulf
Sturgeon in the Pearl and Pascagoula Rivers.
In the Pascagoula River, adult and subadult Gulf Sturgeon congregate in holding areas in
the lower portion of the Pascagoula River near Cumbest Bluff (rkm 40) and Big Black Creek
(rkm 57–68) during May to November (Heise et al. 2005). While in holding areas, Gulf Sturgeon
are usually found in deep locations, downstream from river bends or upstream from sand shoals
(Foster and Clugston 1997; Sulak and Clugston 1999; Heise et al. 2005). The Pascagoula River
is known to support spawning populations of Gulf Sturgeon but the spawning areas are not well
known (Dugo et al. 2004). One documented site for Gulf Sturgeon spawning is the Bouie River
(rkm 250) upstream from the Gulf of Mexico (Heise et al. 2004). While it is likely that fish
spawn in the Chickasawhay and the Leaf Rivers, this is still unknown. The Pascagoula River has
potential spawning habitat with limestone banks, limestone outcroppings, and cobble substrate
(Dugo et al. 2004). Results of this study show there are four main groupings of fish (n=64) based
on 87Sr/86Sr nearest the core, with values from up-river to down-river of: 0.7110, 0.7105, 0.7100,
and 0.7096.
The Pearl River does not appear to have typical spawning habitats for Gulf Sturgeon,
(i.e., limestone banks and outcroppings, cobble substrate), although clean, coarse gravel substrate
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has been found in midchannel areas of the Bogue Chitto River below the Bogue Chitto Dam and
Sill (97 rkm) (Rogillio et al. 2007). The area below the sill dam on the Bogue Chitto River has
also been documented as an important summer habitat for adult Gulf Sturgeon, and spawning has
been suggested to occur there although it has not been verified (Rogillio et al. 2007). A 87Sr/86Sr
water chemistry map produced by Gunn et al. (2019) of the Pearl and Bogue Chitto Rivers shows
different 87Sr/86Sr values (0.7128-0.7152) in the Bogue Chitto River compared to the upper Pearl
River (above the Pools Bluff Sill Dam, 130 rkm) (0.7096-0.7105). Further, the lower Pearl River
has a more complex pattern closer to the estuary of 87Sr/86Sr compared to the upper Pearl River
and Bogue Chitto River, with 87Sr/86Sr comparable to portions of the upper Pearl River, but
discernable from higher values found in the Bogue Chitto River. Results from this study show
four fish from 2017, one fish from 2018 and no fish from 2021 had 87Sr/86Sr values consistent
with the Bogue Chitto River (4% of fish analyzed). In terms of ages of these fish, in 2017, there
were three age-1 fish and one age-2 fish and in 2018 there was one age-2 fish.
Within the Pearl River, age-1 and -2 juveniles from 2017 and 2021 show similar
movement patterns, with age-1 fish having mostly consistent 87Sr/86Sr in the growth zone up to
their first annulus. This may indicate these fish are remaining within holding areas and not
moving down river in their first year. In comparison, age-2 fish have lower 87Sr/86Sr values after
the first year or annulus (Figure 5). This may indicate these fish are moving down river after the
first year to lower river holding areas close to estuaries.
Limitations of data need to be considered for retrospectively estimating natal spawning
locations and habitat use. Variability of water 87Sr/86Sr within the drainage basin and between
seasons must be considered (Allen et al. 2018). For applicability to this study, Gunn et al. (2019)
found clear distinctions between upriver areas of the Pearl River and the Bogue Chitto River,
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while the lower Pearl River had more complex 87Sr/86Sr patterns. In addition to water, the fin
spine can have potential limitations in the application of 87Sr/86Sr for retrospective habitat use. In
embryonic sturgeon, it can take up to 14 days post-fertilization for the fin spine and rays to start
forming (Davis et al. 2004). During this time period, embryonic sturgeon may drift away from
spawning areas. For larvae, after the yolk sac is absorbed, they have been shown in laboratory
studies to have a period of “swim up” for 6-12 days, where they swim vertically upwards into the
water current and are presumably carried a short distance downstream to food-rich nursery
habitats (Kynard and Horgan 2002; Kynard and Parker 2004). The incorporation of
environmental 87Sr/86Sr into fin spines also takes time. Studies show that it can take 7-12 days
for fin spines and rays to change following a change in water chemistry (Smith and Whitledge
2011; Carriere et al. 2016). If these limitations can be accounted for, data can provide a useful
retrospective estimate of natal spawning areas and early life history habitat use.
Information from field studies on juvenile life history stages is very limited for most
sturgeons, including the Gulf Sturgeon. Locations of Gulf Sturgeon during their early life history
are not well known, but what is known is that juveniles will stay in downriver until the first
winter in holding areas throughout the river (Ross et al. 2009). Based on microchemistry
analyses, it has been shown that fish can stay in the river for several growing seasons before
moving toward estuarine environments (Allen et al. 2018). Studies evaluating fin spine 87Sr/86Sr
to identify natal spawning areas and early movements can be very beneficial to fisheries
managers. This study shows 4-5 grouping of fish based on core 87Sr/86Sr in both the Pearl and
Pascagoula River systems. These data can help inform fisheries managers to better understand
natal spawning areas and movements of juveniles, allowing managers to make informed
decisions on sampling areas/times throughout the river, helping to manage juvenile sturgeon. In
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terms of movement of juvenile Gulf Sturgeon, fin spine 87Sr/86Sr data suggest the majority of fish
age 2 and 3 move down river close to the estuary based on decreased 87Sr/86Sr in their second
growth zone, while the other fish 87Sr/86Sr data suggest no movement towards estuary
environments. Corresponding trace element analyses need to be conducted with pectoral fin
spine samples from these fish to provide a clearer understanding of fish movements during ages
1-3.
3.7
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3.8

Tables

Table 3.1

River
Pearl
Pearl
Pearl
Pearl
Pearl
Pearl
Pearl
Pearl
Pearl
Pearl
Pascagoula
Pascagoula
Pascagoula
Pascagoula
Pascagoula
Pascagoula
Pascagoula

Gulf Sturgeon, Acipenser oxyrinchus desotoi, fin spine sample sources, including
sample size, year collected and age
Year
collected
2016
2017
2017
2017
2018
2018
2018
2021
2021
2021
2016
2017
2018
2019
2019
2019
2021

Age
1
1
2
3
1
2
3
1
2
3
2
2
2
1
2
3
1

Estimated
birth year
2015
2016
2015
2014
2017
2016
2015
2020
2019
2018
2014
2015
2016
2018
2017
2016
2020
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# of fish
analyzed
3
20
20
20
3
1
5
22
21
21
1
7
3
12
21
1
19

Table 3.2

Instrument operating parameters for 87Sr/86Sr analysis

Nu Plasma HR (Nu032) MC-ICP-MS
RF power
Analyser pressure
Cones

1300 W
<2.8 × 10− 8 mbar
high-sensitivity sampler, standard skimmer (both
nickel)

Gas flows
Coolant (Ar)
Auxiliary Gas (Ar)
Mix Gas 1 (Ar)

13.0 L/min
0.85 L/min
1.15 L/min

Laser ablation system
New Wave Research UP213 Nd:YAG
213 nm laser
Laser fluence
Repetition rate
Spot size
He gas from cell

3-5 J/cm2
10 Hz
65 μm
0.7 L/min
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3.9

Figures

Figure 3.1

Representative laser ablation spot transect in a cross section of a Gulf Sturgeon,
Acipenser oxyrinchus desotoi, fin spine
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Figure 3.2

Spot ablation reference materials used to tune LA-MC-ICP-MS after every group
of fin spine samples

(SBO: Sea Bass, Dicentrarchus labrax, otolith, GSFR: Green Sturgeon Acipenser medirostris
Fin Ray, NANO: Calcium Carbonate Reference Material). Blue line represents oceanic value
(0.70918), yellow line represents Nano (0.7075) to represent freshwater
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Figure 3.3

Pearl River Gulf Sturgeon Acipenser oxyrinchus desotoi core 87Sr/86Sr means, representing natal spawning areas on the
river
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Figure 3.4

Mean core (spot ablation) 87Sr/86Sr of all Gulf Sturgeon Acipenser oxyrinchus
desotoi in the Pearl River years 2016-2021
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Figure 3.5

Representative movement patterns based on 87Sr/86Sr of age 1-3 juvenile Gulf
Sturgeon, Acipenser oxyrinchus desotoi, in the Pearl River
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